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Abstract
Background: The functional role of the bladder urothelium has been the focus of much recent research. The
bladder mucosa contains two significant cell types: urothelial cells that line the bladder lumen and suburothelial
interstitial cells or myofibroblasts. The aims of this study were to culture these cell populations from human
bladder biopsies and to perform immunocytochemical characterisation.
Methods: Primary cell cultures were established from human bladder biopsies (n = 10). Individual populations of
urothelial and myofibroblast-like cells were isolated using magnetic activated cell separation (MACS). Cells were
slow growing, needing 3 to 5 weeks to attain confluence.
Results: Cytokeratin 20 positive cells (umbrella cells) were isolated at primary culture and also from patients’
bladder washings but these did not proliferate. In primary culture, proliferating cells demonstrated positive
immunocytochemical staining to cytokeratin markers (AE1/AE3 and A0575) as well fibroblasts (5B5) and smooth
muscle (aSMA) markers. An unexpected finding was that populations of presumptive urothelial and myofibroblast-
like cells, isolated using the MACS beads, stained for similar markers. In contrast, staining for cytokeratins and
fibroblast or smooth muscle markers was not co-localised in full thickness bladder sections.
Conclusions: Our results suggest that, in culture, bladder mucosal cells may undergo differentiation into a
myoepithelial cell phenotype indicating that urothelial cells have the capacity to respond to environmental
changes. This may be important pathologically but also suggests that studies of the physiological function of these
cells in culture may not give a reliable indicator of human physiology.
Keywords: urothelial cells myofibroblasts, immunocytochemistry, human
Background
The urinary bladder is lined by a transitional epithelial
layer, the urothelium. For many years, the urothelium
was thought to be merely a passive barrier, preventing
egress of solutes into the bladder wall. In the last dec-
ade, it has been shown that the urothelial layer
expresses muscarinic [1-3] vanilloid [4] and purinergic
receptors [5]. Recent evidence suggests that mediators
such as nitric oxide [6], adenosine triphosphate [7] and
acetylcholine [8,9] are also released from this urothelial
layer. Changes in the urothelium have been associated
with several disorders of the lower urinary tract in man
[4,10-14]. Hence clinicians and scientists have developed
increasing interest in the morphology and function of
this complex layer. A lack of access to normal human
urothelium has hampered investigations into the patho-
physiological roles of the urinary bladder and the
changes associated with disease in humans. Most cell
culture studies have been performed using animal blad-
ders [15] where cells can be isolated from relatively
large amounts of bladder tissue.
Small amounts of human bladder tissue are obtainable
from biopsy specimens; however this imposes limits on
cell culture research. Thus human studies tend to focus
upon full thickness bladder samples obtained from open
bladder surgery [16]. These studies are unable to pro-
vide information about the functional roles of the
* Correspondence: kylie@uow.edu.au
† Contributed equally
2Graduate School of Medicine, University of Wollongong, Wollongong NSW
2522, Australia
Full list of author information is available at the end of the article
Woodman et al. BMC Urology 2011, 11:5
http://www.biomedcentral.com/1471-2490/11/5
© 2011 Woodman et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.individual components of the bladder mucosa. In addi-
tion, full thickness bladder specimens are not available
from patients with bladder dysfunctions such as inconti-
nence, because they do not generally have open bladder
surgery.
T h eb l a d d e rm u c o s ai sm a d eu po ft h eu r o t h e l i u m
with an underlying lamina propria containing myofibro-
blasts, blood vessels and nerves. The urothelium is a
multilayered transitional epithelium which displays a
regular architecture. The basal cells, situated on the
basement membrane, differentiate through a number of
intermediate cells to the highly differentiated superficial
or umbrella cells [17]. Normal human urothelial cells
a r ea b l et op r o l i f e r a t ea n dr e g e n e r a t ei nc u l t u r eb u td o
not express markers of urothelium differentiation [18].
When grown in culture, human urothelial cells form a
partially differentiated urothelium [19] indicating that in
culture urothelial cells retain the potential to undergo
cytodifferentiation [20].
Beneath the urothelial cells is a layer of interstitial
cells, which have the functional and histological charac-
teristics of myofibroblasts [21] and exhibit close connec-
t i o n st os u b u r o t h e l i a ln e r v e s[ 2 2 , 2 3 ] .T h u sr e s e a r c h e r s
have become increasingly interested in the functional
roles of both the urothelium and the adjacent
myofibroblasts.
The aims of this study were to develop a reliable cul-
ture method for use in human bladder biopsy specimens.
Specifically, we characterised the immunocytochemical
features of the urothelial and myofibroblast cell layers
during cell culture and subsequent passage. To separate
different cell types, we used a cell enrichment technique
known as magnetic activated cell separation of human
cells (MACS). This technique enables isolation of func-
tionally active cells, the isolation of rare cells and the
recovery of intact cells with minimal stress during sorting
[24]. To strengthen the characterisation of these cells, we
undertook immunocytochemical analysis of full thickness
bladder samples, taken at open surgical procedures.
Methods
Patients and specimens
Human bladder biopsies were collected from 10 patients
undergoing cystoscopic examination for asymptomatic
haematuria or previously treated low-grade bladder can-
cer. Subsequent histopathology revealed that the biop-
sies were not malignant. Macroscopically normal full
thickness segments of urinary bladder wall from 3
patients (65 to 71 years) were obtained at open opera-
tion. Bladder washings were collected at cystometry
from 9 female patients with stress urinary incontinence.
Informed consent for collection of the above specimens
was obtained, in accordance with the local hospital
human ethics committee approval.
Primary culture and preparation of cell suspensions from
biopsy specimens
Biopsies were obtained at cystoscopy from a site 2 cm
cephalic and 2 cm lateral to the left ureteric orifice.
Bladder biopsies measuring approximately 1.5 - 6 mm
3
(weight 10 - 70 mg) collected into sterile saline using
strict aseptic procedures, or into culture medium (RPMI
1640) supplemented with penicillin (100 units/ml),
streptomycin (100 μg/ml) and fungazone (0.25 μg/ml).
Immediately after collection, the mucosa was dissected
away from any underlying detrusor smooth muscle,
which was discarded together with blood vessels and
connective tissue. The dissected mucosa was washed
with media (as above, three times) and then dissociated
by digestion with trypsin-EDTA (0.25 g trypsin (1:250)
a n d0 . 3 8gE D T A )a t3 7 ° Ci n9 5 %a i r ,5 % C O 2 for 5 to
10 min.
The trypsin was inactivated with an equal volume of
growth medium at 4°C, and the digested tissue passed
through a 100 μm nylon cell strainer and the cell sus-
pension centrifuged at 428 g for 10 min at 4°C. The cell
pellet was re-suspended in growth medium (RPMI1640
supplemented with penicillin (100 units/ml), streptomy-
cin (100 μg/ml) and fungazone (0.25 μg/ml) glutamine 2
mM, HEPES Buffer 25 mM and 10% heat deactivated
foetal bovine serum). Each biopsy yielded approximately
2×1 0
5 cells. Cells were plated in 25 cm
2 flasks (Becton
Dickinson) or 96 well plates and maintained in a mini-
mum volume of culture medium for several hours at 37°
C in 95% air, 5% CO2 to encourage cell attachment.
Thereafter, further culture medium was added to ade-
quately cover the cells and changed every three days
until approximately 80% confluence was reached.
Isolation of cell populations using MACS Microbeads
Individual urothelial and fibroblast cell populations were
isolated using the MACS anti-fibroblast microbeads at
the first or second passage [25]. The enrichment proto-
col was carried out as described by the manufacturers.
Cells were passaged using trypsin-EDTA (5 min at 37°
C) and the cell suspension centrifuged at 100 g for 10
min at room temperature. The cell pellet (~10
7 cells)
was resuspended in buffer (phosphate buffered saline
(pH7.2) supplemented with 0.5% bovine serum albumin,
80 μl) and microbeads (20 μl). The resulting suspension
was incubated for 30 min at room temperature then
washed in buffer (1 ml) and centrifuged at 100 g for 10
min. The supernatant was discarded and the cell pellet
resuspended in buffer (1 ml buffer), filtered through a
30 μmn y l o nm e s ha n dl o a d e do n t ot h em a g n e t i c
separation (MS) column which was placed in a magnetic
field. Unlabeled cells were washed though the column
(3× with buffer). The column was then removed from
the magnetic field and the column washed with buffer
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purity, the labelled cells were loaded onto a new, freshly
prepared column and the process repeated. At the com-
pletion of each cell enrichment procedure, two-cell sus-
pensions were obtained: the eluted cells (urothelium)
and the bound cells (myofibroblast-like cells). The cell
suspensions were diluted in culture medium and centri-
fuged 190 g for 5 min, supernatant discarded, cell pellet
resuspended in culture medium. Each cell suspension
was cultured into 12.5 cm
2 flasks and 96 well plates
using culture media and incubation conditions as
described above.
Characterisation of superficial (umbrella) cells from
bladder washings
Bladder washing fluid was collected into a flask primed
with 100 ml of culture media (as above). The collected
solution was passed through a 100 μm mesh and dec-
anted into 50 ml centrifuge tubes before being centri-
f u g e da t4 2 8gf o r1 0m i na t4 ° C .T h es u p e r n a t a n tw a s
discarded and the cell pellet resuspended in culture
medium. This was centrifuged at 122 g for 10 min at 4°
C and the cell pellet resuspended in growth media and
cultured (as above). Trypan blue was used to examine
cell viability prior to culture.
Identification of cell populations in culture, using
immunocytochemistry
Selective primary antibodies (Table 1) were employed to
identify the cell types present in individual cultures,
using immunocytochemistry. Positive and negative con-
trols were used to confirm specificity for aSMA and
cytokeratin markers.
Culture media was aspirated from plated cells which
were then rinsed three times with wash buffer (50 mM
Tris buffered saline with 0.05% Tween 80). Cells were
fixed with absolute ethanol for 5 min then allowed to
air dry for 30 min. Cells were permeabilised with wash
buffer for 30 min at room temperature. Primary anti-
body (Table 1) was added to the cells and incubated for
1 h at 37°C followed by three rinses with wash buffer.
Envision AP polymer conjugate was added to the cells
and incubated for 30 min at 37°C followed by three
rinses with wash buffer before Fast Red chromogen
solution was added. The cells were incubated initially
for 5 min at room temperature, before a further applica-
tion of chromogen and a further 10 min incubation at
room temperature. The chromogen solution was aspi-
rated and the cells rinsed with distilled water.
Histology of full thickness bladder specimens
Macroscopically normal full thickness segments of urin-
ary bladder wall were collected into carbogenated
Krebs-Henseleit solution (composition in mM: NaCl
118, KCl 4.7, NaHCO3 25, KH2PO4 1.2, MgSO4 1.2,
CaCl2 2.5 and D-glucose 11.7), and transported immedi-
ately to the laboratory. Segments were dissected and
pinned stretched onto cork boards and fixed in Zambo-
ni’s fixative. Segments were washed three times in
DMSO followed by three washes in 0.1 M phosphate
buffered saline before being placed in 30% sucrose in
0.1 M phosphate buffered saline. Segments were sub-
merged in Tissuetek
® and frozen slowly in liquid nitro-
gen then stored at -80°C. For immunohistochemistry, 5-
7 μm thick sections were mounted onto Super Frost
Plus Slides (Menzel) and air-dried. Each slide was dou-
ble labelled with the same primary antibodies used for
cell cultures studies, using Dako Envision G/2 double
labelling kit.
Analysis
Positive immunocytochemical signals were indicated by
the presence of distinct red coloured cytoplasmic preci-
pitate at the antigen site. The immunoreactive cells
were assessed visually by phase contrast microscopy.
The positive staining was expressed as the % red cyto-
plasmic staining of the total area of growth cultures.
The results are expressed as follows: 0 (no staining
detected), + some staining (1-10% of total area of
growth with positive staining), ++ (>10 - 40% of total
area of growth with positive staining), +++ (>40 - 70%
of total area of growth with positive staining) and ++++
predominant staining (>70 - 100% of total area of
growth with positive staining).
Materials
Unless otherwise specified, all tissue culture materials
were purchased from Invitrogen and plastic ware from
Table 1 Selectivity of the individual primary antibodies used to characterise cell populations
Primary Antibody Dilution used Antibody selectivity
AE1/AE3 1:1000 Cytokeratins present in epithelial cells
A0575 1:500-1:1000 Cytokeratins present in epithelial cells
Cytokeratin 20 (CK20) 1:200 Superficial umbrella cells
a-smooth muscle actin (aSMA) 1:200 Smooth muscle, myofibroblasts and myoepithelial cells, not fibroblasts
5B5 1:100 Fibroblast and myoepithelial cells
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from Miltenyi Biotec. All antibodies, including negative
controls, were from DakoCytomation and the visualisa-
tion system was the Universal DakoCytomation EnVi-
sion System-Alkaline Phosphatase AP with Fast Red
Substrate-Chromogen and Envision Labelled Polymer,
Alkaline Phosphatase.
Results
Expression of markers in primary mucosal cell cultures
from biopsy specimens
Single cell suspensions were produced by trypsin diges-
tion of mucosal cells, with the isolated cells adhering to
the surface of the culture plate within several hours of
plating. The total cell yield varied considerably, depend-
ing on the size of the biopsy. Cells were slow to grow,
with 80% confluence obtained after 3 to 5 weeks in
culture.
In preliminary immunocytochemical studies (n = 2,
Figure 1), cells in primary culture were found to display
diverse morphologies (Figure 1A). Large spreading
umbrella-like cells were isolated early in culture, but
these cells did not proliferate. Immunostaining of cul-
tures containing these large spreading cells demon-
strated that they expressed CK20 (Figure 1B).
Other mucosal cell types proliferated strongly in pri-
mary culture and these were positive for other cytokera-
tins (AE1/AE3 and A0575 (Figure 1C). These cell
populations developed a fine network of extensions (Fig-
ure 1C) that appeared to connect one cell to another. It
was notable that these cultures were also positive for
t h es m o o t hm u s c l em a r k e raSMA and the fibroblast
Figure 1 Immunohistochemistry of cultured bladder mucosal cells. At primary culture (A, B, C) cells were counter stained to demonstrate
morphology (A). A small number of cells were large with a spreading morphology, these stained for CK20 (B). Other cells were more elongated
and branching and stained for AO575 (C). Cells were also stained after treatment with MACS beads. Cells that bound to the beads (D, E, F,
myofibroblast-like cells) were stained for 5B5 (D), AE1/AE3 (E) and aSMA (F). Cells that eluted from the beads (G, H, I, urothelial cells) were
stained for 5B5 (G), A0575 (H) and aSMA (I). (Bar = 100 μm)
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with urothelial cells.
Isolation of individual cell populations using anti-
fibroblast MACS microbeads
Anti-fibroblast MACS beads were used to separate the
myofibroblast-like cells from the urothelial cells within
the primary cultures. The resulting cultures were either
derived from cells that were eluted (anti-fibroblast nega-
tive, urothelial cells) or bound (anti-fibroblast positive,
myofibroblast-like cells).
The anti-fibroblast positive cells that were bound to
the beads displayed immunoreactivity for 5B5 (Figure
1D) as well as for the cytokeratins (AE1/AE3, Figure 1E)
and aSMA (Figure 1F). Cells that were anti-fibroblast
negative and were eluted from the columns displayed
immunoreactivity to the cytokeratin markers (A0575,
Figure 1H); these cultures also showed immunoreactivity
for 5B5 (Figure 1G) and aSMA (Figure 1I).
Because MACS treated cultures showed similarities in
immunocytochemical staining, dual labeling was performed
on both bound and eluted populations (Table 2). The anti-
fibroblast positive cells (myofibroblast-like cells) that were
bound to the beads demonstrated dual labelling for cyto-
keratin markers together with 5B5 and aSMA (Figure 2A,
B, C). Similarly, cells that were anti-fibroblast negative
(urothelial cells) that were eluted from the columns also
displayed the same pattern of dual labelling for cytokeratins
together with 5B5 and aS M A( F i g u r e2 D ,E ,F ) .
Characterisation of superficial umbrella cells from bladder
washings
The cells isolated from the bladder washings were large
spreading cells (Figure 3A) that were positive for A0575
and CK20, a marker indicative of fully differentiated
superficial umbrella cells(Figure 3B). At the time of iso-
lation the isolated umbrella cells were able to exclude
trypan blue indicating cell viability. However, similar to
the CK20-positive cells isolated from bladder biopsy
specimens, these cells did not proliferate in culture.
Immunohistochemical staining of full thickness bladder
segments
To confirm the localization of the antibodies used in
this study immunohistochemical staining was also
performed in full thickness bladder segments (Figure 4).
The urothelium demonstrated strong immunoreactivity
for the cytokeratin markers (A0575, Figure 4A and AE1/
AE3, Figure 4B). Although many of the superficial
umbrella cells were lost during processing, the remain-
ing superficial cells demonstrated immunoreactivity to
CK20 (Figure 4C). None of the urothelial cells stained
positively for aSMA (Figure 4A, B and 4C).
However, it was notable that the upper quarter of the
urothelial layer also demonstrated immunoreactivity for
the fibroblast marker 5B5 (Figure 4D). Furthermore,
there was a discontinuous layer just below the basal
urothelial cells that showed strong immunoreactivity to
aSMA (Figure 4B and 4C). In the lamina propria, the
blood vessels were easily identified by the positive
aSMA staining (Figure 4A).
Discussion
In this study we have shown that small human bladder
biopsy specimens taken from patients with non-cancer-
ous conditions can be cultured. The growth rate of the
cultures established from these bladder biopsies was
relatively slow, taking 3 to 5 weeks to reach confluence.
Bladder urothelial cells are known to be slow growing
with a previous study isolating urothelial cells from
large bladder cystectomy samples reported confluence
only being reached in 20% of cases even after 2 to 3
weeks in culture [26]. In this study the slow growth rate
is likely related to the small number of cells (approxi-
mately 2 × 10
5 c e l l si s o l a t e df r o me a c hb i o p s y )i s o l a t e d
f r o mt h eb i o p s yt i s s u es a m p l e s[ 2 7 ] .I na d d i t i o n ,o u r
cultures were established from bladder biopsies taken
from adults (age range 19 to 85) which influences the
rate of urothelial cell growth in culture [26-28].
As expected, urothelial cells cultured from biopsy
samples showed positive immunoreactivity for cytokera-
tin markers (CK20, AE1/AE3 and A0575). However, an
unexpected finding was that some cells in the culture
also demonstrated immunoreactivity for markers of
smooth muscle (aS M A ) .T h i sw a sa n o m a l o u sa si nf u l l
thickness bladder segments, aSMA staining was not
present in the urothelial layer, rather positive staining
for aSMA was seen in a sub-urothelial layer, which was
consistent with a myofibroblast layer previously shown
in urinary bladder from the pig [21]. However, this
Table 2 Characterisation of cell populations present in human bladder mucosa cultures
A0575 AE1/AE3 CK20 aSMA 5B5
Primary culture ++ (n = 2) ++ (n = 2) +++ (n = 2) ++ (n = 2) ++ (n = 2)
Anti-fibroblast eluted ++++ (n = 7) ++ (n = 5) 0 (n = 2) ++ (n = 7) +++ (n = 4)
Anti-fibroblast bound ++++ (n = 7) 0 (n = 5) 0 (n = 2) +++ (n = 5) +++ (n = 7)
The results are expressed as follows: 0 (no staining detected), + some staining (1-10% of total area of growth with positive staining), ++ (>10 - 40% of total area
of growth with positive staining), +++ (>40 - 70% of total area of growth with positive staining) and ++++ predominant staining (>70 - 100% of total area of
growth with positive staining).
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markers. This pattern of immunocytotochemical staining
of cells in culture therefore indicated that either the
urothelial cells have the potential to develop morpholo-
gical features of cells that possess contractile properties
(i.e. myoepithelial cells) or that mixed populations of
both urothelial cells and myofibroblasts from lamina
propia were present in the cultures. Mixed populations
of cobblestone and spindle shaped cells have been pre-
viously described in cultures from the urinary tract [28].
Anti-fibroblast MACS microbeads were used to isolate
individual populations of urothelial and myofibroblast-
like cells. We expected to obtain two individual popula-
tions. Firstly, a population of myofibroblast-like cells,
which were anti-fibroblast positive cells that bound to
the MACS beads and secondly, a population of urothe-
lial cells, which were anti-fibroblast negative cells that
were eluted from the beads. However, in these experi-
ments both the presumptive urothelial and myofibro-
blast-like cells were found to stain for the same markers
(AO575, 5B5 and aSMA). This could be explained if the
cells isolated had the capacity to express characteristics
of epithelial (AO575), fibroblast (5B5) and smooth mus-
cle (aSMA) cells during culture.
It is known that epithelial cells such as the urothelium
have the capacity to undergo transformation. Epithelial-
mesenchymal-myofibroblast transformation is usually
induced by growth factors e.g. TGF-b [29-33]. This
transformation is a key feature in conditions such as
organ fibrosis and wound healing [29]. These trans-
formed epithelial cells will then characteristically express
aSMA [30-32]. Such transformations are commonly
associated with injury of cell-cell junctions [31,33].
Cross and associates [20] suggested that transformation
of urothelial cells could be influenced by the culture
conditions and demonstrated the reversibility of differ-
entiation between squamous and transitional cell pheno-
type. Interestingly, previous studies have reported that
prolonged culture of urothelial cells isolated from blad-
der [26] and ureter [34] is associated with the co-expres-
sion of cytokeratins and vimentin. Vimentin is a marker
commonly used for myofibroblasts [35-38]. It could be
suggested that the changes in urothelial cells in culture
may occur due to the “damage” the cells perceive when
Figure 2 Dual labeling of MACS treated cell populations. Cells that bound to the MACS anti-fibroblast beads (myofibroblast-like cells, A, B, C)
or that were eluted from the MACS beads (urothelial cells, D, E, F) were stained with (A, D) A0575 (brown) and 5B5 (Red) (B, E) with A0575
(brown) and aSMA (Red) and (C, F) aSMA (brown) and 5B5 (Red). (Bar = 100 μm)
Figure 3 Bladder superficial urothelial cells isolated from
bladder washings. Phase contrast microscopy demonstrated large
spreading cells (A) which were positive for the umbrella cell marker
CK20 (B). (Bar = 50 μm)
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represent naturally occurring process of transdifferentia-
tion in vivo.
The expression of aSMA in cultured urothelial cells
implies that urothelial cells have the ability to acquire
contractile components given the appropriate stimulus.
One stimulus for acquisition of contractile components
c o u l db ec e l ld a m a g ei nr e s p o n s et oi n f l a m m a t i o no r
another insult. One in vivo model of urothelial cell
damage is treatment with cyclophosphamide, an irri-
tant that is excreted in the urine. Cyclophosphamide
use has been associated with the identification of actin
filaments localised to rat urothelial cells [39]. Similarly,
activation of inflammatory mast cells has been asso-
ciated with transformation of fibroblasts, as indicated
by expression of aSMA [40]. Together, these findings
could be important to our understanding of bladder
pathology, since inflammation is currently being con-
sidered as having a role in the aetiology of bladder
conditions such as interstitial cystitis [41] and the
overactive bladder [42,43].
In all cultures the isolated cells expressed cytokeratins,
as indicated by positive immunocytochemical staining
with the markers AE1/AE3 and A0575. Of interest is
the difference in the pattern of cytokeratin staining in
the anti-fibroblast positive cells. These cells stained posi-
tively for A0575 but not for AE1/AE3. The difference in
this result could be related to differences in the cytoker-
atins labelled by the different antibodies. The AE1/AE3
antibody identifies the majority of human cytokeratins
present in epithelial cells but not CK12, CK17 or CK18.
In contrast the A0575 antibody is a cocktail of low and
high molecular weight cytokeratins. The differences in
the pattern of cytokeratin staining in the anti-fibroblast
positive cells could also relate to the state of differentia-
tion of these cells as cytokeratin expression in the
urothelium alters with differentiation of urothelial cells
in culture [26,27] and with the and position within the
layers of cells making up the urothelium in vivo [44].
It is known that normal urothelium is characterised by
terminally differentiated superficial cells, which express
cytokeratin 20 [44-46]. While our early primary cultures
derived from bladder biopsies contained some cells that
were positive for CK20, this marker was soon lost in
culture. To confirm that these cells were in fact termin-
ally differentiated, superficial umbrella cells, we isolated
cells from bladder washings obtained during cystometric
testing (Figure 3). During cystometric testing the blad-
der is filled with saline in the presence of a catheter
which may dislodge some of the superficial umbrella
cells. The cells isolated from bladder washings showed
similar growth and staining patterns to the CK20 posi-
tive cells isolated from the bladder biopsy specimens.
Our finding that CK20 staining is lost with culture is in
keeping with previous work showing that in culture,
human urothelium does not undergo complete terminal
differentiation and does not express cytokeratin 20
[19,47,48].
Figure 4 Dual labelling of urothelim (Uro) and lamina propria (lp) of human bladder. Full thickness segments of human bladder were
stained with (A) the cytokeratin marker A0575 (brown) and aSMA (red) or (B) AE1/AE3 (brown) and aSMA (red). (C) with CK20 (brown) and
aSMA (red). D. Full thickness segments were stained with 5B5 (red). Sections were counterstained with haematoxylin. (Bar = 50 μm)
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In conclusion, it appears that primary cultures of
urothelial and myofibroblast-like cells from human blad-
der biopsies are quite feasible, but the cells are slow
growing, needing at least 3 weeks to attain confluence.
Our results suggest that urothelial cells in culture alter
their characteristics, so that studies of physiological
function in these cells may not give a reliable indicator
of human physiology in vivo. However, these results
demonstrating transformation of urothelial cell into a
contractile phenotype may have important implications
for understanding of bladder dysfunction.
Abbreviations
αSMA: α smooth muscle actin; EDTA: ethylenediaminetetraacetic acid; HEPES:
4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid; MACS: magnetic activated
cell separation
Acknowledgements
We thank Dr K Vaux for kindly providing bladder specimens and Laurence
Young of DakoCytomation for valuable technical advice and assistance. This
study was supported by the Faculty of Medicine, UNSW.
Author details
1Detrusor Muscle Laboratory, The St George Hospital, University of New
South Wales, Sydney, NSW 2052, Australia.
2Graduate School of Medicine,
University of Wollongong, Wollongong NSW 2522, Australia.
3Department of
Pharmacology, School of Medical Sciences, University of New South Wales,
Sydney, NSW 2052, Australia.
4University Hospital Coventry and Warwickshire
(UHCW), Coventry, CV2 2DX, UK.
5Miltenyi Biotech, Sydney, NSW, Australia.
Authors’ contributions
JRW and KJM conceived of the study, and participated in its design and
coordination and helped to draft the manuscript. VAL carried out the cell
culture and immunocytochemistry. WL and KHM provided human bladder
specimens. KHM and EB participated in the design of the study and helped
to draft the manuscript. All authors read and approved the final manuscript.
Competing interests
The authors declare that they have no competing interests.
Received: 16 December 2010 Accepted: 18 April 2011
Published: 18 April 2011
References
1. Wang P, Luthin GR, Ruggieri MR: Muscarinic acetylcholine receptor
subtypes mediating urinary bladder contractility and coupling to GTP
binding proteins. J Pharmacol Exp Ther 1995, 273:959-966.
2. Mansfield KJ, Liu L, Mitchelson FJ, Moore KH, Millard RJ, Burcher E:
Muscarinic receptor subtypes in human bladder detrusor and mucosa,
studied by radioligand binding and quantitative competitive RT-PCR:
changes in ageing. Br J Pharmacol 2005, 144:1089-99.
3. Lips KS, Wunsch J, Zarghooni S, Bschleipfer T, Schukowski K, Weidner W,
Wessler I, Schwantes U, Koepsell H, Kummer W: Acetylcholine and
molecular components of its synthesis and release machinery in the
urothelium. Eu Urol 2007, 51:1042-53.
4. Liu L, Mansfield KJ, Kristiana I, Vaux KJ, Millard RJ, Burcher E: The
molecular basis of urgency: Regional difference of vanilloid receptor
expression in the human urinary bladder. Neurourol Urodynam 2007,
26(3):433-8.
5. Cockayne DA, Hamilton SG, Zhu QM, Dunn PM, Zhong Y, Novakovic S,
Malmberg AB, Cain G, Berson A, Kassotakis L, Hedley L, Lachnit WG,
Burnstock G, McMahon SB, Ford AP: Urinary bladder hyporeflexia and
reduced pain-related behaviour in P2X3-deficient mice. Nature 2000,
407:1011-5.
6. Birder LA, Apodaca G, De Groat WC, Kanai AJ: Adrenergic- and capsaicin-
evoked nitric oxide release from urothelium and afferent nerves in
urinary bladder. Am J Physiol 1998, 275:F226-9.
7. Ferguson DR, Kennedy I, Burton TJ: ATP is released from rabbit urinary
bladder epithelial cells by hydrostatic pressure changes–a possible
sensory mechanism? J Physiol 1997, 505:503-11.
8. Yoshida M, Miyamae K, Iwashita H, Otani M, Inadome A: Management of
detrusor dysfunction in the elderly: changes in acetylcholine and
adenosine triphosphate release during ageing. Urol 2004, 63:17-23.
9. Yoshida M, Masunaga K, Satoji Y, Maeda Y, Nagata T, Inadome A: Basic and
clinical aspects of non-neuronal acetylcholine: expression of non-
neuronal acetylcholine in urothelium and its clinical significance. J
Pharmacol Sci 2008, 106:193-8.
10. Kumar V, Chapple CR, Surprenant AM, Chess-Williams R: Enhanced
adenosine triphosphate release from the urothelium of patients with
painful bladder syndrome: a possible pathophysiological explanation. J
Urol 2007, 178:1533-1536.
11. Mansfield KJ, Liu L, Moore KH, Vaux KJ, Millard RJ, Burcher E: Molecular
characterization of M2 and M3 muscarinic receptor expression in bladder
from women with refractory idiopathic detrusor overactivity. BJU Int
2007, 99:1433-8.
12. Sun Y, Keay S, De Deyne PG, Chai TC: Augmented stretch activated
adenosine triphosphate release from bladder uroepithelial cells in
patients with interstitial cystitis. J Urol 2001, 166:1951-1956.
13. Sun Y, Chai TC: Augmented extracellular ATP signalling in bladder
urothelial cells from patients with interstitial cystitis. Am J Physiol 2006,
290:C27-34.
14. Mukerji G, Yiangou Y, Grogono J, Underwood J, Agarwal SK, Khullar V,
Anand P: Localization of M2 and M3 muscarinic receptors in human
bladder disorders and their clinical correlations. J Urol 2006, 176:367-73.
15. Birder LA, Barrick SR, Roppolo JR, Kanai AJ, de Groat WC, Kiss S,
Buffington CA: Feline interstitial cystitis results in mechanical
hypersensitivity and altered ATP release from bladder urothelium. Am J
Physiol 2003, 285:F423-F429.
16. Kumar V, Chapple CR, Chess-Williams R: Characteristics of adenosine
triphosphate release from porcine and human normal bladder. J Urol
2004, 172:744.
17. Jost SP, Gosling JA, Dixon JS: The morphology of normal human bladder
urothelium. J Anat 1989, 167:103-115.
18. Lobban ED, Smith BA, Hall GD, Harnden P, Roberts P, Selby PJ,
Trejdosiewicz LK, Southgate J: Uroplakin gene expression by normal and
neoplastic human urothelium. Am J Pathol 1998, 153:1957-1967.
19. Scriven SD, Booth C, Thomas DF, Trejdosiewicz LK, Southgate J:
Reconstitution of human urothelium from monolayer cultures. J Urol
1997, 158:1147-1152.
20. Cross WR, Eardley I, Leese HJ, Southgate J: A biomimetic tissue from
cultured normal human urothelial cells: analysis of physiological
function. Am J Physiol 2005, 289:459-468.
21. Sadananda P, Chess-Williams R, Burcher E: Contractile properties of the pig
bladder mucosa in response to neurokinin A: a role for myofibroblasts?
Br J Pharmacol 2008, 153:1465-73.
22. Sui GP, Wu C, Roosen A, Ikeda Y, Kanai AJ, Fry CH: Modulation of bladder
myofibroblast activity: implications for bladder function. Am J Physiol
2008, 295:F688-F697.
23. Wiseman OJ, Fowler CJ, Landon DN: The role of the human bladder
lamina propria myofibroblast. BJU Int 2003, 91:89-93.
24. Ordög T, Redelman D, Horowitz NN, Sanders KM: Immunomagnetic
enrichment of interstitial cells of Cajal. Am J Physiol 2004, 286:G351-60.
25. Miltenyi S, Muller W, Weichel W, Radbruch A: High gradient magnetic cell
separation with MACS. Cytometry 1990, 11:231-238.
26. Flieger A, Golka K, Schulze H, Föllmann W: Primary Cultures of Human
Urothelial Cells for Genotoxicity Testing. J Toxicol Environ Health 2008,
71(Part A):930-935.
27. Southgate J, Varley CL, Garthwaite MA, Hinley J, Marsh F, Stahlschmidt J,
Trejdosiewicz LK, Eardley I: Differentiation potential of urothelium from
patients with benign bladder dysfunction. Br J Urol Int 2007,
99:1506-1516.
28. Dörrenhaus A, Müller JIF, Golka K, Jedruski P, Schulze H, Föllmann W:
Cultures of exfoliated epithelial cells from different locations of the
human urinary tract and the renal tubular system. Arch Toxicol 2000,
74:618-626.
Woodman et al. BMC Urology 2011, 11:5
http://www.biomedcentral.com/1471-2490/11/5
Page 8 of 929. Lee JM, Dedhar S, Kalluri R, Thompson EW: The epithelial-mesenchymal
transition: new insights in signaling, development, and disease. J Cell Biol
2006, 172:973-81.
30. Cerra A, Mansfield KJ, Chamberlain CG: Exacerbation of TGF-beta-induced
cataract by FGF-2 in cultured rat lenses. Molecular Vision 2004, 9:689-700.
31. Mansfield KJ, Cerra A, Chamberlain CG: FGF-2 counteracts loss of TGF beta
affected cells from rat lens explants: implications for PCO (after-
cataract). Molecular Vision 2003, 10:521-532.
32. Elberg G, Chen L, Elberg D, Chan MD, Logan CJ, Turman MA: MLK1
mediates TGF-beta1-induced alpha-smooth muscle actin expression in
human renal epithelial cells. Am J Physiol 2008, 294:F1116-F1128.
33. Liu T, Dhanasekaran SM, Jin H, Hu B, Tomlins SA, Chinnaiyan AM, Phan SH:
FIZZ1 stimulation of myofibroblast differentiation. Am J Pathol 2004,
164:1315-26.
34. Holstein AF, Sandmann J, Bresse lM, Davidof MS: Reinvestigation of the
transitional epithelium (urothelium) of the human ureter. Ann Anat 1994,
176:109-117.
35. Wu C, Sui GP, Fry CH: Purinergic regulation of guinea pig suburothelial
myofibroblasts. J Physiol 2004, 559:231-4.
36. Johnston L, Woolsey S, Cunningham RM, O’Kane H, Duggan B, Keane P,
McCloskey KD: Morphological expression of KIT positive interstitial cells
of Cajal in human bladder. J Urol 2010, 184:370-7.
37. Sui GP, Wu C, Fry CH: Characterisation of the purinergic receptor subtype
on guinea-pig suburothelial myofibroblasts. BJU Int 2006, 97:1327-1331.
38. Gillespie JI, Markerink-van Ittersum M, De Vente J: Endogenous nitric
oxide/cGMP signalling in the guinea pig bladder: evidence for distinct
populations of sub-urothelial interstitial cells. Cell Tissue Res 2006,
325:325-32.
39. Romih R, Veranic P, Jezernik K: Actin filaments during terminal
differentiation of urothelial cells in the rat urinary bladder. Histochem Cell
Biol 1999, 112:375-380.
40. Gailit J, Marchese MJ, Kew RR, Gruber B: The Differentiation and Function
of Myofibroblasts is Regulated by Mast Cell Mediators. J Invest Dermatol
2001, 117:1113-1119.
41. Sant GR, Kempuraj D, Marchand JE, Theoharides TC: The mast cell in
interstitial cystitis: role in pathophysiology and pathogenesis. Urology
2007, 69:34-40.
42. Moore KH, Nickson P, Richmond DH, Sutherst JR, Manasse PR, Helliwell TR:
Detrusor mast cells in refractory idiopathic instability. Br J Urol 1992,
70:17-21.
43. Tyagi P, Barclay D, Zamora R, Yoshimura N, Peters K, Vodovotz Y,
Chancellor M: Urine cytokines suggest an inflammatory response in the
overactive bladder: a pilot study. Int Urol Nephrol 2010, 42:629-635.
44. Southgate J, Harnden P, Trejdosiewicz LK: Cytokeratin expression patterns
in normal and malignant urothelium: a review of the biological and
diagnostic implications. Histol Histopathol 1999, 14:657-664.
45. Vaidyanathan S, McDicken IW, Ikin AJ, Mansour P, Soni BM, Singh G, Sett P:
A study of cytokeratin 20 immunostaining in the urothelium of
neuropathic bladder of patients with spinal cord injury. BMC Urology
2002, 2:7-14.
46. Harnden P, Mahmood N, Southgate J: Expression of cytokeratin 20
redefines urothelial papillomas of the bladder. Lancet 1999, 353:974-977.
47. Sugasi S, Lesbros Y, Bisson I, Zhang YY, Kucera P, Frey P: In vitro
engineering of human stratified urothelium: analysis of its morphology
and function. J Urol 2000, 164:951-7.
48. Desai S, Lim SD, Jimenez RE, Chun T, Keane TE, McKenney JK, Zavala-
Pompa A, Cohen C, Young RH, Amin MB: Relationship of CK20 and CD44
protein expression with WHO/ISUP grade in pTa and pT1 papillary
urothelial neoplasia. Mod Path 2000, 13:1315-1323.
Pre-publication history
The pre-publication history for this paper can be accessed here:
http://www.biomedcentral.com/1471-2490/11/5/prepub
doi:10.1186/1471-2490-11-5
Cite this article as: Woodman et al.: Immunocytochemical
characterisation of cultures of human bladder mucosal cells. BMC
Urology 2011 11:5.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Woodman et al. BMC Urology 2011, 11:5
http://www.biomedcentral.com/1471-2490/11/5
Page 9 of 9